Background/Aims: Acute cholecystitis is a common gastrointestinal disorder, often characterized by acute cholecystitis with gallbladder motility disorder. Interstitial cells of Cajal (ICCs) are the pacemaker cells of gut motility in the gastrointestinal tract. Disruption of ICC function is related to motility disorders. The aim of this study was to explore the cellular and molecular mechanisms of ICCs in acute cholecystitis and after the resolution of acute inflammation. Materials and Methods: Fifty adult guinea pigs were randomly divided into five groups: a sham-administered group (control group); two groups that were intraperitoneally administered an anti-polyclonal neutrophil (PMN) antibody 24 h before common bile duct ligation (CBDL); and two groups of guinea pigs that were subjected to CBDL without receiving the PMN antibody. Guinea pigs that underwent CBDL were held for 24 h or 48 h after surgery before being subjected to laparotomy and cholecystectomy. Immunohistochemistry, TUNEL assays, western blotting, and real-time PCR were performed to determine ICC morphology and density, to detect ICC apoptosis, and to examine stem cell factor (SCF) and c-kit protein expression and SCF and c-kit mRNA levels, respectively. Results: Both hematoxylin-eosin staining and histological inflammation scores in the PMN groups were lower than those in the control groups (P < 0.01). No differences were observed in ICC morphology between groups. During acute cholecystitis, ICCs numbers were reduced. Conversely, the density of ICCs increased after inflammation was relieved (P < 0.01). In addition, SCF and c-kit protein and mRNA expression levels decreased during acute cholecystitis (P < 0.05) and increased after inflammation was relieved (P < 0.05). Furthermore, ICC apoptosis increased during acute cholecystitis and decreased after resolution of acute cholecystitis (P < 0.01). Conclusions: In acute cholecystitis, ICC injury may be related to gallbladder motility disorder.
Introduction
Gallstones are a common health problem in developed countries. Approximately 6.5-15% of the US population suffers from gallstones at least once during their lifetime, and every year approximately 1-4% of these patients develop acute cholecystitis (AC) [1] . AC involves many factors, including gallstones and motility disorders [2] . Recent studies have shown that gallbladder motility plays a particularly important role in the pathogenesis of AC [3] [4] [5] .
Interstitial cells of Cajal (ICCs) were first described about 100 years ago. ICCs exist in the digestive tract, including in the esophagus, stomach, proximal duodenum wall, small and large bowel, ileum, appendix, and colon [6] . ICCs function as smooth muscle pacemaker cells in the digestive tract where they promote gastrointestinal electrical activity. ICCs mediate and regulate gastrointestinal tract neurotransmitters and are also related to gallbladder motility regulation [7] [8] [9] [10] [11] [12] . Gallbladder ICCs have also been linked to various biliary system diseases, such as gallstones and chronic cholelithiasis [13, 14] . However, whether changes occur in gallbladder ICCs and in the stem cell factor (SCF)/c-kit pathway during AC remains unclear. The aim of this study was to explore the cellular and molecular mechanisms of gallbladder ICCs in the AC process. To address this, we examined inflammation, the morphology and density of gallbladder ICCs, apoptosis, and SCF and c-kit protein and mRNA levels.
Materials and Methods

Animals and animal experiments
Fifty adult male and female guinea pigs, weighing 250-350 g, were obtained from Wuhan Institute of Biological Products Company (Wuhan, China). The guinea pigs were maintained in standard laboratory conditions (22 ± 2°C with a 12 h light/dark cycle and relative humidity of 40-60%). The guinea pigs were provided free access to food and water. All animal experiments were approved by the Institutional Animal Care and Use Committee of Wuhan University and the animal protocols were designed to minimize pain and discomfort.
For experiments using common bile duct ligation (CBDL), guinea pigs were randomly divided into five groups, with 10 animals in each group. The five groups consisted of: a sham-administered group (control group); two groups that were intraperitoneally (IP) administered an anti-polyclonal neutrophil (PMN) antibody 24 h before common bile duct ligation (CBDL); and two groups of guinea pigs that were subjected to CBDL without receiving the PMN antibody. Twenty-four hours before CBDL, 0.8 ml of rabbit anti-mouse polyclonal neutrophil serum (Anti-PMN; Cedarlane Labs, Ontario, Canada) was injected IP into each animal in the PMN groups. The CBDL 24 h and 48 h groups were not injected with anti-PMN antibodies. The shamoperated group was used as the healthy control group. Animals in the CBDL, CBDL 24 h, and PMN CBDL 24 h groups were kept for 24 h after surgery, and those in the CBDL 48 h group and PMN CBDL 48 h group were kept for 48 h after surgery. After the corresponding time period, the guinea pigs in the CBDL and PMN CBDL groups underwent laparotomy and cholecystectomy [15, 16] .
Hematoxylin-eosin staining of guinea pig gallbladder specimens was performed to detect the degree of AC. Specimens were observed using a using light microscope (Olympus BX53, Tokyo, Japan).
Histologic inflammation scores were obtained from the hematoxylin-eosin-stained gallbladder specimens. The inflammatory infiltrate was assigned a score of 0, 1, 2, or 3, representing no, mild, moderate, and severe inflammation, respectively. The approximate percentages of various cell types, including neutrophils, lymphocytes, eosinophils, histiocytes, and plasma cells, and the layers in which they were identified (i.e. the mucosa, muscle, or serosa) were noted. Hemorrhage, edema, surface ulceration, and fibroblast proliferation were assigned scores of 0, 1, 2, and 3, representing no, mild, moderate, and severe conditions, respectively. The presence or absence of vascular dilation and Rokitansky-Aschoff sinus formation were noted and given a score of 1 if present and 0 if absent. Scores were summed to yield a total inflammation score between 0 and 17 [17] .
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Immunohistochemistry Paraffin sections were evaluated by immunohistochemistry using a microwave-based antigen retrieval technique. The gallbladder mucosa and submucosa were peeled away, without affecting the muscular layer. Gallbladder specimens were fixed in 4% polyformaldehyde solution and embedded in paraffin. Sections from paraffin-embedded gallbladder tissues were cut into 5-μm-thick slices and mounted on positively charged slides. The sections were identified using a rat monoclonal antibody against CD117/c-kit (eBioscience, San Diego, CA, USA). The specimens were incubated at room temperature for 24 h, followed by incubation with appropriate secondary antibodies. The sec tions were then stained with diaminobenzidine, counterstained with hematoxylin, and observed using a light microscope (Olympus BX53). Images of CD117/c-kit-positive cells were taken for 5 randomly chosen fields (×400 magnification) per section. The density of CD117/C-kitpositive cells was assessed using Image-Pro plus 6.0 (Media Cyber-netics, Bethesda, MD, USA).
ICC apoptosis detection
A TUNEL assay (In Situ Cell Death Detection Kit, Fluorescein, Roche Applied Science, Mannheim, Germany) was used to measure gallbladder ICC death in all groups. The TUNEL assay was performed according to the manufacturer's instructions. Images were captured using a light microscope (Olympus BX53). The density of CD117/C-kit-positive cells was assessed using Image-Pro plus 6.0 (Media Cybernetics).
Protein extraction and western blot analyses
Proteins were extracted guinea pig gallbladder muscular layer tissues (150 mg) using RIPA lysis buffer (Boster, Wuhan, China). Proteins were separated by electrophoresis using 10% SDS polyacrylamide gels, and transferred to a nitrocellulose membrane (Pierce Biotechnology, Inc., Rockford, IL, USA). The membrane was incubated with 5% skim milk at room temperature for 2 h to block nonspecific binding. Samples were incubated with the primary antibody, anti-c-kit (eBioscience, San Diego, USA) or anti-SCF (Abcam, Cambridge, UK), overnight at 4°C. The membrane was wash 3 times in TBST for 10 min, and horseradish peroxidaseconjugated secondary antibody applied for 1 h at room temperature. Specific protein bands were visualized with X-ray film (Kadok China Investment Co. Ltd., Xiamen, China) using a chemiluminescence detection kit (ECL; Amersham, Pittsburgh, PA, USA). The optical density of the bands was analyzed using Alpha Innotech (Alpha Innotech Co., San Leandro, CA, USA).
RNA extraction
For each experimental group, a total of 150 mg of gallbladder muscular layer tissues, obtained from a single guinea pig, was used for RNA extraction. Total RNA was extracted with TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and RNA extraction was performed following the manufacturer's instructions.
RT-PCR analysis
cDNA was reverse-transcribed from 4.885 µg of total RNA and amplified for 40 cycles of denaturation (2 min at 50°C, 10 min at 95°C), annealing (30 s at 95°C), and synthesis (30 s at 60°C). The primers for GAPDH were 5′-ATCACTGCCACCCAGAAGACT-3′ (forward) and 5′-CAGATCCACAACCGACACATTA-3′ (reverse), generating a product of 195 bp. The primers for SCF were 5′-GAAAGATTCCAGAGTCAGTGTCA-3′ (forward) and 5′-AAGCAAAGCCAATCACAAGAG-3′ (reverse), generating a product of 179 bp. The primers for c-kit were 5′-TATCCTCCTTACTCATGGTCGAA-3′ (forward) and 5′-CGGGCATTTCCTTTAACCACATA-3′ (reverse), generating a product of 99 bp. Subsequently, PCR products were separated by electrophoresis with size markers on a 1.5% agarose gel stained with ethidium bromide. GAPDH gene expression was used as an internal control. The relative mRNA expression values were obtained by calculating the ratio of the SCF/c-kit to GAPDH amplification products.
Statistical analyses
All statistical analyses were performed using SPSS for Windows version 17.0 (SPSS, Chicago, IL, USA). Continuous variables are presented as mean ± standard deviation (SD). Comparisons of continuous variables were performed using t-tests. Comparisons of categorical variables were performed using ANOVA. A two-sided P-value of < 0.05 was regarded as statistically significant.
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Results
Evaluation of the animal model
No guinea pigs died in the control, CBDL 24 h, or PMN CBDL 24 h groups. Two guinea pigs died in the CBDL 48 h group, and three animals died in the PMN CBDL 48 h group. The mortality rates were 20% and 30%, for the CBDL 48 h and PMN CBDL 48 h groups, respectively. The deaths were caused by cholecystic duct obstruction and gallbladder rupture.
Histopathological analyses revealed that the gallbladder tissue was complete, and without obvious inflammatory cell infiltration in the control group. Gallbladder tissue exhibited edema, blood expanded hyperemia, and inflammatory cell infiltration in the CBDL 24 h group. These features were also observed in the PMN CBDL 24 h group, but they were less severe than observed in the CBDL 24 h group. Additionally, in the CBDL 48 h group, gallbladder tissue exhibited edema and hyperplasia of fibroblasts, hyperemia and hemorrhage, and a large number of inflammatory cells, particularly neutrophils, in the mucosa and muscularis. These features, while present in the PMN CBDL 48 h group, were less severe than in the CBDL 48 h group (Fig. 1) .
The histological inflammation scores for the control, CBDL 24 h, PMN CBDL 24 h, CBDL 48 h, and PMN CBDL 48 h groups were 1.5000 ± 0.54772, 5.5000 ± 0.54772, 4.1667 ± 0.40825, 7.5000 ± 0.54772, and 5.5000 ± 0.54772, respectively (F = 107.317, P < 0.01). The histological inflammation scores of the PMN CBDL 24 h and PMN CBDL 48 h groups were lower than those of the CBDL 24 h and CBDL 48 h groups (P < 0.01 for each comparison) (Fig. 2) .
Taken together, these results suggest that CBDL may induce AC in guinea pigs, and that inflammation severity can be reduced by PMN.
Immunohistochemical observations
We used an anti-c-kit antibody to identify ICCs by immunohistochemistry. ICCs were predominantly fusiform in shape, with several slender lateral branches in the gallbladders of the control and experimental groups. Moreover, ICCs were predominantly located in the muscular layer, and most were within the muscularis propria and parallel to smooth muscle cells. Each ICC Gallbladder tissue exhibited edema, blood expanded hyperemia, and inflammatory cell infiltration in the CBDL 24 h group (b), and these features were less severe in the PMN CBDL 24 h group (c) than in the CBDL 24 h group. In the CBDL 48 h group (d), gallbladder tissue exhibited edema and hyperplasia of fibroblasts, hyperemia and hemorrhage, and a large number of inflammatory cells, particularly neutrophils, in the mucosa and muscularis, and these features were less severe in the PMN CBDL 48 h group (e) than in the CBDL 48 h group. 
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Cellular Physiology and Biochemistry had two to five long synapses. The synapses were distributed throughout the wall of the gallbladder and were connected to form a net-like structure. Additionally, ICCs typically appeared individually or in small clusters of two to three cells. Mast cells were individual and round, and were distributed around the ICCs. No differences in the shape, size, and morphology of ICCs were observed among the different treatment groups (Fig.  3) . The number of ICCs in the control group was significantly greater than the number of ICCs in the experimental groups. Additionally, there were more ICCs in the PMN CBDL 24 h and PMN CBDL 48 h groups than there were in the CBDL 24 h and CBDL 48 h groups. The ICC counts in the control, CBDL 24 h, PMN CBDL 24 h, CBDL 48 h group, and PMN CBDL 48 h groups were 66.0000 ± 2.00000, 52.0000 ± 1.73205, 59.6667 ± 3.05505, 39.0000 ± 1.00000, 46.3333 ± 0.57735 (F = 96.387, P < 0.01) (Fig. 4) .
Taken together, these results show that AC is associated with a reduced density of gallbladder ICCs, and that ICC counts are recovered after the severity of inflammation is reduced.
TUNEL assays
Our TUNEL assay results showed that the rates of gallbladder ICC apoptosis were significantly greater in the experimental groups than in the control group. ICC apoptosis rates in the control, CBDL 24 h, PMN CBDL 24 h, CBDL 48 h, and PMN CBDL 48 h groups were 13.6667 ± 2.08167, 26.3333 ± 0.57735, 22.3333 ± 1.52753, 28.0000 ± 2.00000, and 23.0000 ± 1.00000, respectively (F = 15.414, P < 0.01). The level of ICC apoptosis was higher in the CDBL 24 h and CDBL 48 h groups than in their corresponding PMN CDBL 24 h, and PMN CDBL 48 h experimental groups, respectively (P < 0.01 for each, Fig. 5 ).
The TUNEL assay results strongly suggest that gallbladder ICCs are injured during AC and are recovered after inflammation is reduced.
SCF and c-kit protein expression
Based on western blot analyses, the expression levels both of c-kit and SCF were significantly lower in the experimental groups than in the control group. SCF and c-kit protein Group, e. PMN CBDL 48h Group). ICCs were predominantly located in the muscular layer, and most were within the muscularis propria and parallel to smooth muscle cells. ICC surfaces were c-kit-positive. Each ICC had 2-5 long synapses. They were distributed throughout the wall of the gallbladder and were connected to form a net-like structure. ICCs typically appeared individually or in small clusters of two to three cells. Mast cells (red arrows) were individual and round, and were distributed around the ICCs. (Fig. 6 ).
Taken together, these results show that SCF and c-kit protein expression decreased in AC and increased after the resolution of inflammation.
SCF and c-kit mRNA expression
RT-PCR analyses revealed that SCF and c-kit mRNA levels were lower in all experimental groups than in the control group. The mRNA levels of SCF and c-kit were much lower in the CBDL 48 h group than in the CBDL 24 h group. SCF and c-kit expression levels in the CBDL 24 h and CBDL 48 h groups were lower than those in the PMN CBDL 24 h and PMN CBDL 48h groups. The relative expression levels of SCF and c-kit were compared to the control group, which was set as 1.0. In the CBDL 24 h, PMN CBDL 24 h, CBDL 48 h, and PMN CBDL 48 h groups, relative SCF expression levels were 0.6450 ± 0.01967, 0.8350 ± 0.04657, 0.3477 ± 0.04216, and 0.5220 ± 0.16664, respectively. In the CBDL 24 h, PMN CBDL 24 h, CBDL 48 h, and PMN CBDL 48 h groups, relative c-kit expression levels were 0.7510 ± 0.07750, 0.8287 ± 0.10005, 0.4447 ± 0.10441, and 0.5503 ± 0.05877. The F-values were calculated as 30.670 and 24.154, for SCF and c-kit respectively, and all P values were less than 0.05 (Fig. 7) .
The RT-PCR results support those obtained by immunohistochemistry, TUNEL detection, and western blotting. SCF and c-kit mRNA expression levels decreased during acute inflammation and recovered after inflammation was resolved.
Discussion
AC is an acute inflammatory disease of the gallbladder and is often associated with gallbladder motility disorder [3, 4] . AC is a common diagnosis in internal medicine and In the experimental groups, the rates of gallbladder ICC apoptosis were significantly greater than that of the control group. The rate of ICC death was higher in the CDBL 24 h group than in the PMN CDBL 24 h group, and higher in the CDBL 48 h group than in the PMN CDBL 48 h group. Cellular Physiology and Biochemistry surgery departments, but heterogeneity in its clinical presentation makes diagnosis and management difficult [2] . ICCs were first described in detail in the gastrointestinal tract by Santiago Ramo´n y Cajal in 1893 [18, 19] , and they express the specific marker, c-kit [20] . ICCs in the gastrointestinal tract are the pacemaker cells of gut motility and are related to motility disorders [21] . Recent studies have shown that reduced biliary system ICCs, ICC injury or loss of function, and compromises in the and c-kit/SCF pathway may play important roles in biliary system motility diseases, including cholelithiasis [16, 17] and may be closely connected to malignant tumors in the biliary system. Indeed, numerous CD117-positive cells (c-kit protein) have been detected in pathological gallbladder malignant stromal tumor specimens [22] .
ICCs are found in the biliary systems of both guinea pigs and humans [23, 24] . Gallbladder motility involves various regulatory mechanisms, such as gallbladder smooth Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry muscle and nervous circuit activity, including gallbladder ICCs. In particular, gallbladder ICCs may be related to AC. Gallbladder ICCs exhibit damage and/or reduced numbers in almost every gastrointestinal motility disorder, and abnormalities in motor activity lead to impaired regional transit and symptoms. However, it is not clear whether ICCs are repaired after disease recovery [25, 26] . Recent studies have indicated that ICCs in the biliary system play a major role in initiating pacemaker activity to adjust gallbladder movement, and that their dysfunction is closely related to a variety of gallbladder motility disorders [27, 28] . Moreover, it has been shown that ICCs undergo apoptosis over time, and that ICC regeneration is required for the maintenance of normal ICC networks in healthy tissues [29] . Furthermore, menthol-induced membrane potential depolarizations, that occur in G-protein, Ca 2+ pathways via TRPA1 M2 and M3 receptors, were shown to be involved in this process [30, 31] . Various factors, including regional obstruction and subsequent proximal dilation, and nervous system and immune system injury can lead to ICC damage and loss [26] . In AC, biliary tract obstruction leads to ICC injury in the gallbladder. This then blocks c-kit receptors, and results in gallbladder ICC loss, increased ICC apoptosis, and a lack of regeneration and maintenance of ICC networks [32, 33] . c-kit receptors modulate the generation and rhythmicity of electrical activity to regulate the excitability of gallbladder smooth muscle cells [27] . Recent studies have also shown that when c-kit receptors are blocked, ICCs disappear [34] .
Neutrophils are key cells in acute inflammation [25] . In our study, a substantial number of neutrophils infiltrated the gallbladder mucosa and muscularis during AC. Treatment with an anti-PMN antibody reduced neutrophil counts, and reduced and blocked neutrophil infiltration and superoxide dismutase exosmosis to reduce the inflammatory response [25] . After IP injection of anti-PMN, the severity of gallbladder tissue inflammation and the histologic inflammation score were reduced. c-kit receptors return to normal when AC is relieved, resulting in the repair and recovery of gallbladder ICCs. However, additional studies are required to delineate the underlying mechanisms.
ICCs regulate gallbladder motility and mediate neurotransmission from enteric motor neurons [35] . The tyrosine kinase receptor, c-kit, and its ligand, SCF, are important for the normal development, maturation, and phenotypic maintenance of ICCs [36, 37] . The blocking of c-kit receptors during AC, resulted in a significant decrease in the expression of c-kit and SCF at both the mRNA and protein levels [38] . After inflammation was relieved, c-kit receptors returned to normal, and the SCF/c-kit pathway was upregulated. Changes in SCF/ c-kit protein and mRNA expression in AC suggest that they are involved in the impairment and repair of gallbladder ICCs and disease development [39] . These results provide a basis for the development of ICC-based replacement therapies for AC with gallbladder motility disorder [40] .
In summary, our results indicate that AC causes a reduction in ICC number, increased ICC apoptosis, and reduced SCF and c-kit expression. After the resolution of inflammation, we observed ICC recovery and the recovery of SCF and c-kit expression. These changes may be related to ICC function and AC in patients with gallbladder motility disorder.
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